The European pond turtle Emys orbicularis, is an endangered species in Poland. The region of the Ilanka River, in the western part of the country (Lubuskie province), is the most densely inhabited area by the species. Several populous sites are dispersed over the whole area of the province. Over the past 10 years, 279 turtles were captured at 11 sites. In 218 individuals, those with a straight carapace length (SCL) between 2.10-12.10 cm, sex was not determined; the remaining 61 with SCL 13.33-19.85 cm were sexed. Females had bigger bodies and were heavier than males. The SCL of females was 17.10 ± 1.7 cm (average ± SD, n = 33), their body mass (BM) was 790.6 ± 228.7 g (n = 27), and in the case of males SCL was 15.44 ± 1.5 cm and BM was 554.2 ± 138.8 g (n = 28). SCL of the smallest egg laying female was 15.30 cm, and SCL of the smallest mating male was 13.33 cm. The colouration of the turtles which undergoes change with age can be varied.
Introduction
In Poland, the European pond turtle Emys orbicularis (L., 1758) has the status of an endangered species. Its most numerous populations inhabit the area of Polesie Lubelskie (E Poland), whereas in the remaining parts of the country populations occur locally, are less concentrated and more dispersed (Jab loński, 2001) .
In the 1980s and 1990s in the provinces of Zielonogórskie and Gorzowskie, later combined into one Lubuskie province, an inventory of turtle inhabited sites was carried out, which led to the recognition of the distribution of the species in this area Najbar & Maciantowicz, 2001) . The most intensive research has been carried out since 1999 within the framework of the "Active protection of the European pond turtle Emys orbicularis in Poland" project (Maciantowicz & Najbar, 2004) .
Study area
Lubuskie province has an area of 13.989 km 2 , and is located in C-W Poland (51
• 21 50 -53
• 07 30 N; 14
• 32 20 -16
• 25 20 E) ( Fig. 1 ). Over 60% of the area of the province is located at an altitude of 50-100 m a.s.l. (RÖSLER, 2005) . About 50% is grown with forest, mainly pine trees (PAWLACZYK, 2005) . The climate can be described as temperate with prevailing features of an oceanic climate. The average annual air temperature is 7.8-8.0
• C, the average temperature of the summer half-year is approximately 14-14.4
• C (ZAJCHOWSKA, 1972) .
Material and methods
Research was carried out between 15 May 1996 and 22 August 2005. Measurements were taken to an accuracy of 0.01 cm according to the method suggested by FRITZ (1995) . Additionally, the lengths of the tail from the edge of the carapace to the cloacae (PL-CLO) and from the cloacae to the end of the tail (CLO-TE) were measured. All turtles measured were alive and measurements were taken between April and October in subsequent years. Analysis of selected morphological parameters was carried out on the basis of the methodology outlined by the above mentioned author, however the indexes: SCL/NuL, SCL/NuB, PL/GuL x 10, PL/HumL x 10 and PL/AnL x 10 were specified separately for males and females. Body mass was measured to an accuracy of 0.1 g with 1212 Tanita Digital scales or to an accuracy of 0.3% with Pesola scales (Nos 20060, 41000, 42500) .
Individuals were classified as males/females if it was possible to identify their sex unambiguously on the basis of their morphological features (ZUFFI & GARIBOLDI, 1995) . In the case of any ambiguity, a few year old individuals were classified as juvenile/subadult and hatchlings (the turtles were measured in the period between hatching and hibernation). Turtles were marked by notching the marginal and plastral (hatchlings) scutes. For the purpose of observation during the mating period, the turtles were marked with white paint and numbered.
Results were analysed using Statistica for Windows 5.5 (STATSOFT Inc. 1999). Key: 1 n = 13; 2 n = 24; 3 n = 31; 4 n = 25 (males with undamaged tails are included); 5 n = 25 (females with undamaged tails are included); 6 n = 27 (females collected after the egg laying period are included).
Results
In total, 279 turtles (Tab. 1) from 11 sites in the study area ( Fig. 1 ) were examined over a period of ten years. Most of these sites are isolated and inhabited by relict populations or single individuals of Emys orbicularis (Maciantowicz & Najbar, 2004) . The Ilanka River, where 203 (72.8%) turtles were examined, is the most densely populated region ( The number of turtles in these areas ranged between 1 and 15.
Hatchlings with the length of carapace (SCL) between 2.12-3.0 cm constituted 73.1% of the collected turtles (n = 204), juvenile/subadult individuals with SCL between 6.10-12.10 cm -5% (n = 14), males with SCL 13.33-18.55 cm -10.1% (n = 28), and females with SCL 13.79-19.85 cm -11.8% (n = 33) (Tab. 1).
Females have greater shell lengths and body masses than males (t-test for SCL: t = 3.71, df = 61, P < 0.001; for PL: t = 6.53, df = 61, P < 0.001; for BM: t = 4.36, df = 55, P < 0.001). The relationship between Key: 1 n = 24; 2 n = 31. BM and SCL for males and females was r = 0.88 and 0.89 (Figs 2A, B) . The analysis of selected morphological parameters of sexed turtles from the research area is presented in Table 2 . Anomalous shield structure, mainly in the carapace area was observed in 94 (33.7%) turtles, of which 79 (28.3%) came from the population inhabiting the Ilanka River. Instances of anomalous structure in turtles from other areas (Pliszka River near Urad: Fig. 1 , No. 6, and area near Cybinka: Fig. 1 , No. 7) are presented in Figs 3A, B . Apart from the large size of the carapace shields, the shape of nuchal scute (scuta nuchale) was subject to variation, which in particular applied to adult individuals and was reflected in the shape of the shield, its lack (n = 1), or the occurrence of a double number of shields (n = 10). Lack of a regularly shaped, parallel nuchal scute was observed in 52 (85.2%) males and females, and examples are presented in Fig. 4 .
Colouration of the carapace of all individuals classified in this paper as hatchlings was brownish. Tiny yellow or orange stains of variable shape were present only on the edges of marginal scutes. Much bigger yellow elements covered the rims of the plastron shields. Soft parts were dark brown with a small number of light, relatively big stains.
The carapace of a few year old individuals was generally black, usually with numerous yellowish lines or spots organised in more or less radial patterns (Fig. 5A ). Their plastron usually had a lighter colouration and was yellowish brown (Fig. 5B ). The soft parts had significantly more brightly yellowish stains than was in the case of hatchlings. All young individuals have yellowish irises with darker, usually black stains.
With age and decrease of growth speed, the colouration of the carapace gradually disappears. The carapace of 78.6% of the males (n = 22) was black and did not have light spots, and in the case of a smaller group of individuals, it was specked with few contrasting yellowish stains or was uniformly brown (Figs 6,  8A) . The same applied to the plastron which in the majority of males (57.1%, n = 16) was dark, usually black, with a slight tinge of brown (Figs 7, 8B) .
The colouration of the carapace of females was more variable. Most of the females (66.7%, n = 22) had a brown colouration with tiny round, yellowish spots or short streaks, or otherwise, in case of the remaining females it was uniformly brown, less frequently black with, or without bright spots (Figs 6, 8C ). The plastron of females, to various extents was characterised by the occurrence of lighter or darker sections. Individuals with black plastra, or which could be classified as brightly coloured were less frequent (Figs 7, 8D ).
In the case of males, the colouration of the throat in most cases (75%, n = 21) was characterised by a dark, almost entirely black colour with a small number of -most commonly -yellow stains (Fig. 9 ). In the case of the remaining males no contrasting yellowish spots were observed on their throats. The head and soft part of their bodies was coloured similarly. Their irises were reddish (85.7%, n = 24) or brownish (14.3%, n = 4), with no dark stains (78.6%, n = 22), or with barely observable tiny black spots (21.4%, n = 6).
The throat (Fig. 9) and head, as well as the remaining soft parts of the bodies of females were black but had significantly more light yellowish spots. On top of the head, the light elements tended to be smaller, whereas the biggest speckles would occur on the mandible and bottom or side part of the throat. Big brightly yellowish elements may occur in the inguinal region. The irises of females were yellowish (90.9%, n = 30) or yellowish-brown (9.1%, n = 3), always with darker spots.
Discussion
The European pond turtle is a morphologically and genetically diversified species, subdivided into more than a dozen subspecies (Lenk et al., 1999; Fritz, 2003) . The monotypical subspecies (Emys orbicularis orbicularis) inhabits a vast area, comprising central and eastern Europe and to a lesser extent southern and western parts of the continent. Particular populations inhabiting such an extensive region are subject to variability and are divided into two separate groups, i.e., "Emys o. orbicularis I" and "Emys o. orbicularis II". The borderline dividing both groups possibly runs along a fairly unspecified area in Poland (probably western Poland) Fig. 7 . Plastron colouration of Emys orbicularis in the study area: A -dark pattern covering at most 1/3 of the plastron; B -dark pattern covering at 1/3 -2/3 of the plastron; C -dark pattern covering more than 2/3 of the plastron; D -plastron entirely black.
and eastern Germany, and the individuals inhabiting this area can have a staging characteristic (Fritz, 2003) .
The length of the carapaces of the largest females from the area of Poland reached 23 cm (Fritz, 1994) .
As far E Poland is concerned, even bigger dimensions of particular individuals were reported (e.g., Jab loński, 1998), yet some of the measurements were taken along the curvature of the carapace and hence are not comparable. No individuals of similarly large dimensions occurred on the study area, and even the biggest females, which was much larger compared to males, reached almost 20 cm (Tab. 1). Such maximum length of the carapace is characteristic of the "Emys o. orbicularis II" group (Fritz, 2003) . The greatest body masses were recorded in females after egg laying up to 1380 g, and were heavier than the largest males (Tab. 1, Figs 2A,  B) .
Dimensions of the carapaces and body mass are comparable with the size of the autochthonous individuals found in regions adjacent to the research area, such as Brandenburg, South Mecklenburg, Saxony (E Germany) (Farkas et al., 1998; Schneeweiss, 1998; Schneeweiss & Fritz, 2000) or the central part of Poland (Mitrus & Zemanek, 2000 .
Dimensions of turtles from our study area show typical characteristics of the individuals classified as Emys o. orbicularis (Fritz, 1995) , yet the comparison of the range of some of the indexes, in particular: SCL/KL (3.76-4.65), SCL/KB (5.29-6.34), SCL/NuL (16.18-27.58), PL/GuL x 10 (51.0-67.45), PL/AnL x 10 (34.2-44.3) indicates significant variability (Tab. 2), not infrequently reaching the borderline limit specified for this subspecies by the above mentioned author.
Dimorphic features in females became visible in individuals with SCL approx. 13 cm. However the smallest female (the valley of Ilanka River) observed during egg-laying had SCL 15.30 cm, PL 14.38 cm, BM 575 g (Najbar & Szuszkiewicz, in litt.) . Dimensions of further egg laying females in the Lubuskie area were B. Najbar & E. Szuszkiewicz as follows: 1) SCL 15.45 cm, PL 14.91 cm, BM 780 g, 2) SCL 15.80 cm, PL 14.66 cm and BM 584 g. On the study area, females start laying eggs only once they have reached such dimensions. It is worth stressing that in Poland (e.g., Radom district, C Poland) all egg laying females measured more that 17 cm (Mitrus & Zemanek, 2000; . In our opinion this indicates that there is a significant distinctive characteristic of the study population. Egg laying by relatively small females is typical particularly of the populations inhabiting those regions of Europe which are located to the south of Poland, e.g., Austria (Donau-Auen National Park) (Rössler, 2000) . These populations are classified by Fritz (2003) as "Emys o. orbicularis II".
In the case of males, clearly visible dimorphic features were observed in individuals with SCL approx. 11-12 cm, but the smallest male (SCL 13.33 cm) was observed in the Ilanka River while actively taking part in mating (Najbar & Szuszkiewicz, in litt.) . In this case, however, no smaller males were observed while copulating, and probably their participation in mating is rare. Dimensions of the smallest observed mating and copulating males (including the Ilanka region) were as follows: 1) SCL 14.30 cm, PL 13.10 cm, BM 445 g; 2) SCL 14.90 cm, PL 13.10 cm, BM 590 g; 3) SCL 15.20 cm, PL 13.50 cm and BM 559 g (these data apply to measurements taken 2-3 weeks before or two weeks after the observation).
Anomalous scutations are rarely observed in Europe, particularly in native populations inhabiting the Iberian Peninsula (NW Spain), W Poland (Ayres Fernández & Cordero Rivera, 2004; Ayres Fernández et al., 2005; Maciantowicz & Najbar, 2004; Najbar & Szuszkiewicz, in litt.) , and the allochthonous population in Switzerland (Moulin-deVert, Canton Genéve) (Mosimann, 2002) . It is generally thought that the occurrence of this type of deformation can be caused by a variety of factors. Suboptimal conditions of embryonic development during the incubation, as was observed in the case of Chrysemys picta bellii (Gray, 1831) (MacCulloch, 1981) , can play a dominant role. As presented above, in the case of the turtles studied, anomalies were quite common and occur in various parts of the carapace (Figs 3-5A , B, 8A, C).
The lack of the parallel nuchal scutes in the majority of individuals appears to be another typical feature of the Emys o. orbicularis (and also E. o. hellenica) subspecies, which is also confirmed by our observations (Figs 4, 5A, B) .
The colouration of the turtles belonging to particular subspecies constitutes a characteristic diagnostic feature (Fritz, 2003) . In the study area, the colouration of the turtles is varied. The shells of the youngest individuals are brown, with the exception of the plastron whose edges are covered with yellow or orange spots. During the period of intensive growth, the colouration undergoes significant change and is specific for particular individuals. Generally with age, contrasting elements disappear and change into dark colouration, whereas in particular in the case of females, it can be very varied, which applies both to the carapace and soft parts of their bodies (Figs 6-9) .
The colouration of the irises of all young turtles was similar i.e., yellowish. Once the size of SCL 11-13 cm has been reached, in the case of females the colours changed slightly, but the change was clearly observable in the case of males, where different iris colours were recorded. According to Fritz (1992) , such variability can be sporadically observed in some adult males and possibly is related to the period of their more intensive sexual activity.
Generally, the colouration of the turtles from the analysed populations fits the system proposed by Fritz (1992 Fritz ( , 1995 Fritz ( , 1998 Fritz ( , 2003 and Fritz & Obst (1995) for the subspecies Emys o. orbicularis.
Despite a relatively strong variation in the features of the examined turtles, we do not predict that, particularly in the Ilanka area, we dealt with allochthonous individuals which are relatively frequently recorded in the neighbouring Brandenburg (Schneeweiss, 1998; Schneeweiss & Fritz, 2000) . Obviously the presence of single individuals of foreign origin in native populations cannot be excluded entirely; as such cases were recorded in the area surrounding Zielona Góra (Najbar & . The variation of features may be typical of local populations and can result from mixing of individuals classified by Fritz (2003) as belonging to the above mentioned "Emys o. orbicularis I" and "Emys o. orbicularis II" groups.
